Alkynyl and allenyl ketones have been widely used to form substituted furans and pyrans by methods such as acidmediated [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and metal-catalyzed [12] [13] [14] [15] [16] [17] [18] [19] [20] cyclizations. Because of the wide utility of these furans and pyrans as building blocks for natural products and pharmaceuticals, 21, 22) extending the list of ketones starting materials known to be suitable for their creation is important. Useful examples of the synthesis of propargylated ketones exist, [23] [24] [25] [26] but it is questionable whether the ketones obtained are indeed practical for the synthesis of furans and pyrans. [27] [28] [29] Recently, we developed a method for highly regioselective C-C bond formation using propargyl alcohols with nucleophiles catalyzed by scandium triflate in MeNO 2 . 30, 31) This unique reaction is achieved via the two-phase condition, and is effectively stabilized by a-sulfanyl and a-selanyl functional groups. During our on going study of catalytic reactions, we investigated in the formation of C-C bonds in propargyl alcohols with 1,3-diketones and their base-promoted transformations to heterocycles. In this article, we describe the formation of propargylated 1,3-diketones by Lewis-acid catalytic reactions, which easily yield furans and benzofurans under basic conditions.
1
H-NMR spectra, and a molecular ion peak at m/z 476 (C 31 H 24 O 3 S) in the mass spectrum. This result indicates that 1,3-diketone was added to the propargyl cation, not the allenic cation. We next investigated reactions of propargyl alcohols with other 1,3-diketones and similar analogs, and the results are shown in Table 1 . The reaction of 1a with 2,4-pentanedione gave the product 2b in 47% yield (entry 2); however, the reaction of 1a with ethyl acetoacetate gave rise to a complex mixture (entry 3). We also explored the reactions of the propargyl alcohols bearing a variety of aromatic groups at the a-position of the hydroxyl group, as shown in entries 4 and 5. In addition, we found that the selenium-substituted propargyl alcohols 1e-j also gave the adducts 2e-j in high yields (entries 6-11 of Table 1 ). However, the reactions of both 1,3-cyclohexanedione and cyclopentanedione gave 6,7-dihydro-5H-cyclohexa[b]pyran-5-one 3k, l and the cyclopentane derivative 3n, respectively, not the propanediones (entries 12, 13, 15 of Table 1) . 32, 33) The reaction of 2-methyl-1,3-hexanedione gave propargylated 1,3-propanedione 2m (entry 14) . The modes of this cyclization are reported to be fruitful because of the cycloalkanediones consumed. 32) We also examined the reactions of the similar propargyl alcohols with 1,3-cyclohexanedione, and found that most of the products were bicyclic pyrans 3k, l and 3n except for the reaction of 2,4,6-trimethylphenyl propargyl alcohol 1o. These results indicate that stereoelectronic effects are very important in determining whether the reaction would give the normal adducts or the 6,7-dihydro-5H-benzofuran-4-ones, which are obtained by further proceeding to the intramolecular cyclization. In addition, Cadierno et al. reported that the production of furans versus pyrans is due to the size of the cyclic 1,3-diketone. 32) We further examined the reactions with 2-acetylcyclohexanone and -cyclopentanone, and found that, as shown in entries 17-23 of Table  1 , the products are not 6,7-dihydro-5H-cyclohexa[b]pyran-5-ones but the normal adducts 2p-v.
Because sulfanyl and selanylalkynyl groups are known to be good nucleophiles and electrophiles, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] we attempted to reactions of propargylated 1,3-diketones with some bases and found that they undergo intramolecular cyclization using sodium methoxide. The results are shown in Table 2 . The typical example, p-methoxyphenyl 1,3-diphenylpropanedione 2a, with sodium methoxide gave furan 4a via an anionic 5-exo-mode cyclization (entry 1 of Table 2) . [46] [47] [48] From an analysis of its spectral features, we estimate the structure of 4a to be 3-benzoyl-2-phenyl-5-(phenylsulfanylmethyl)furan. 3,4-Dimethoxyphenyl and benzodioxol-5-yl 2b-c gave 4b-c in high yields (entries 2, 3), and treatment of 1-(p-chlorophenyl)propargyl alcohols 2d with sodium methoxide quantitatively transforms to the substituted furan 4d. The reactions of the similar selenium-substituted alcohols 2e-i also gave the phenylselanylmethylfurans 4e-i (entries 5-9 of Table 2 ).
We further investigated the intramolecular cyclizations of the propargylated cycloalkanones 2 in some basic conditions and the results are shown in Table 3 . The acetyl cycloalkanones have two reactive sites in the molecules, one is the carbonyl of the acetyl group and the other is the carbonyl of cycloalkanone. The reaction of 2p (Arϭp-MeOC 6 H 4 ) using sodium methoxide in THF-MeOH gave the deacetylated product 5p in 45% yield (entry 1 in Table 3 ). However, using other weak bases such as Bu 4 NF, CsCO 3 , K 2 CO 3 , and NaH provides 9-acetyl-3-(p-methoxyphenyl)-2-(phenyl-sulfanylmethyl)-4,5,6,7-tetrahydrobenzofuran (6p) in high yield, accompanied by furan 6p (entries 2, 3). The reactions of the other acetyl cyclohexanones also provide the bicyclic compounds 6r, s which easily converted to the corresponding 4,5,6,7-tetrahydrobenzofuran 7r (Chart 1). Cyclopentanone derivatives 2q and 2v also provided the oxabicyclo-[3,3,0]octa-3,8-dienes in good yields. In summary, we have described a simple and convenient propargylation of 1,3-ketones from sulfur-and selenium-substituted propargyl alcohols with 1,3-diketones. The successive base-promoted intramolecular cyclization of the propargylated ketones gave a wide variety of furans and tetrahydrobenzofurans in high yields.
Experimental
Melting points were determined by a Yanagimoto micro-melting point apparatus and uncorrected. Elemental analyses were determined by using Micro Corder (MT-6) of J Science Lab. at the Life Science Research Center, Gifu University. C-NMR spectra were determined on JEOL ECA-600 (600 MHz), ECA-500 (500 MHz) and ECA-400 (400 MHz) spectrometer. IR spectra were recorded with a JASCO FT-IR 460PLUS infrared spectrometer and are expressed in reciprocal centimeters. Electron ionization (EI) mass spectra (MS) were obtained using a JEOL MS-700 spectrometer with a direct-insertion probe at 70 eV. All high-resolution mass spectra were obtained using a JMSD300 JMA2000 on-line system.
Preparation of 1,3-Diphenyl-2-[1-(4-methoxyphenyl)-3-(phenylsulfanyl)prop-2-ynyl]propanedione (2a) To a solution of MeNO 2 (0.80 ml) and H 2 O (0.08 ml) of 1-(p-methoxyphenyl)-3-(phenylsulfanyl)propargyl alcohol (1a) (50.0 mg, 0.18 mmol) was added 1,3-diphenylpropanedione (83 mg, 0.57 mmol), tetrabutylammonium hydrogensulfate (6.3 mg, 0.02 mmol), and scandium triflate (44 mg, 9.0 mmol). The reaction mixture was heated under reflux condition. The cooled mixture (50 ml) was poured into a saturated NaHCO 3 (50 ml). The organic layer was separated and the aqueous layer was extracted with ether. The combined organic layer was dried over MgSO 4 . The solvent was removed under reduced pressure. The residue was purified by preparative TLC on silica gel eluting with AcOEt-nhexane (1 : 5) 4 (t), 26.1 (t), 27.0 (q), 30.8 (t), 38.4 (d), 41.9 (t), 70.7 (s),  72.1 (s), 97.2 (s), 125.6 (d), 126.1 (dϫ2), 126.3 (d), 126.5 (d), 127.2 (d),  129.1 (dϫ2), 132.8 (s), 138.2 (s), 203.8 (s 42.1 (t), 64.3 (s), 72.9 (s), 101.1 (t), 107.7 (d), 110.8 (d), 123.8 (d 
